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¢ September 1961

Mr. Eugene Kiefer
Washington, D. €.

Dear Mr. Kiefer:

This letter contains a proposal for a research and development progrem
for lightweight precision metal mirrors, The program outlined herein will be
z Jjolnt eifort of the Missiles & Space Bystems Department of Hamilton Standard
Division, United “‘ireraft Corporation and the ITEK Corporation. It consists
o.' the design, Tabrieation and testing o four to five lightwelght honeycomb
plane mirrors at an spproximate cost of $40,000 to $50,000 respectively. The
entire program is expected to be completed in four months.

Lightweight Mirror Development Program

The Missiles & Space Systems Department of Hamilton Standard Division
believes that significant advantages would acerue from replacing the conventional
glass mirror blan:s by blanks manufactured of metal honeycomb sandwich construction.,
A prime savings would be in welght, since metal honeyecomb mirror blanks could
be fabricated with a weight o one half to one guarter that of present cast aluminum
blaniks, while maintaining or improving upon the present stiffness. An experimental
program will determine the effect of thermal environment on such designs. An
additional improvement should arise in optieal quality, since the face of a honey-
comb mirror would be supported at much closer intervals. It seems probable that s
cost savings might also arise due to possible savings in menufacture and polishing
costs,

These advantages are predicted from =z theoreticsl study ol thefeasibility
of mirror blank construction using metal honeycomb. It is obviously desirable
that blanks should be fabricated with this new techniq e, and tests conducted
to verify the theoretiecal prediction. To meet this need, Missiles & Space Systems,
in conjunction with the ITEK Corporation, propose & research, development and
test program divided into three phases, shown as follows:

Phagse I ~ Study =nd selection of materials, particularly of the
bonding materials used in the honeycomb construction.
The aim is to select a combination of materiasls to glive
long term stability and adequate stiffness under = wide
variety of environmental conditions, inel: ding thermal
end vibrational stresses.

25 YEAR RE-REVIEW,
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Foese IT - Design snd fabrication of s .ﬂ. of plane mirrors.

Phase III - Testing of the fabricated Wirrors wnder a variety of
environmental conditéons.

Under Phase 1I, it is proposed to initially manufacture three mirrors
of 10 inches diameter, of aluninisa Boneycomb with aluminum faces. We plan
on utilizing epoxy, metal, or a combinstion bond for attaching the faces
to the core. These small mirrors will de used for primary experimentation
to deternmine optinmum design criteria for the larger mirrors. All aluminunm
construction is selected to minirize the cest of the program at this point.
The second phase of the program will involwve the manufacture and test of
one or two nirrors of 28 inches dimmeter. I¢ is advantageous to mmke one
mirror of this size of all aluminum construction to verify the extrapolstion
of the design data from the 10 inch size, and thes it may be desiruble to
fabricate another mirror of this size with aluminum honeycord and beryllium
facez. The possibility of a beryllium honeycomb core is presently deing
studied and, if feasible, may be utilized in the final comstruction of the
gecord 23 inch mirror. This would pmmmit & further reduction in the mirror
weight and may alsoc be advantageous in further limiting chenges in shape
dus to temperature.

If it 1s desired to keep the cost of the program to a minimum it might
be possible to eliminate the large aluminum uirror, and proceed directly
from the 10 inch aluminum mirrors to the 28 inch beryllium-faced mirror.
Cost estimates for both courses of action are given here and are shown in
the accompanying table.

The Missiles & Space Systems Department of UAC will perform the research,
design and fabrication of the mirror blanks. The ITEX Corporation will
perform poclishing and finishing of the mirrors as well ss the optical testing.
The optical tests will determine the quality of the mirrors under standard
conditions as well as vhen subjected to thermal stresses.

It is planned to complete the program four months from the date of
contractual coverage with the first 10 ineh mirror, flat to one half
wavelength, completed in one wonth. The next tuo small mirvors, flat to a
hizher order of accuracy (probably 1/10 wvavelength) will be ready at two
week intervals thereafter. The large mirrors (28 inches in diameter) will
be available three months after initistion of contract with teats completed
by the end of the fourth month. For long term stability tests, it ia desirable
to continue sccelerated aging tests on the large mirrors for a much longer
period, but the four-month contract periocd would answer most of the gquestions
on feasibility of the concept.

We believe that this program will materially aid in achievingz the
feagibllity of our GRIST Program. If there are any changes or modifications
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that you would care to incorporate in thig g , pPlease do not hesitate
to Giscuss these with us. We are very ik interested in the advantages
offered by thiec proposed lightweight pregision mirror development and are
looking forward to working on this program for you.

Very truly yours,

Robert H. Shatz
Technical Director
Migsiles & Space Systems Departrent

RH3/mle
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The cost estimste fer the complete progrem, on & coat-»m;-rmiom

basis i3 as follows:

&,

Research and desizn labor: 591 hours

at $5.05 per hour $ 2,6:0.9%
Labor overhead at 70% 1,%34.66
Pabrication of mirror blanks
(vith alwninsus honeycomd core) 132,35%8.00
ITEX costs for polishing and optical tests 26,000.00
Total cost $43,790.61
G&A at 14.79% 6,475.63
Fee at 3% b, 071,
Grand total $54,288.62

If the 28 inch aluminun-faced mirror is excluded, the cost will
be reduced to the following:

Regearch and design labor; 591 houre

at $5.05 per hour $ 2,570.95
Labor overhead at 70% 1,834 .66
Fabrication of airror blanks

(with aluminum honeycomd core) 11,845,00
ITEK costs for polishing and optical tests 17,100.00
Total cost $33,400,61

G&A at 1%.79% k,939.95
Fee at 8% 067.0%
Grand total $41,407.80
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